The very reactive α-oxo-thioketone derivatives 2a -d, generated via thermolysis of spirobenzopyran-3',2- [1,3, 4] oxadithiino [5,6-c]benzopyran-4'-ones 1a -d, reacted with 2,3-dimethyl-1,3-butadiene and 1,3-cyclohexadiene under [4+2]-cycloaddition to afford spirobenzopyran-3',6-thiapyran-4'-one adducts 3a -d and spirobenzopyran-3',3-thiabicyclo[2.2.2]oct-5-en-4'-one adducts 4a -d, respectively. On the other hand, the reaction of α-oxo-thioketones 2a -d with isoprene afforded regioselectively only 3-methyl-thiapyran derivatives 5a -d. Single crystal X-ray diffraction studies of 4b, 4c, and 5a give a good support for the established structure.
Some α-oxo-thioketone compounds are stable and can be isolated in pure state in the monomeric form [1 -7] . Previously, it was reported that some chromene-derived-α-oxo-thioketones were isolated as dimers with an 1,3,4-oxadithiin structure via the reaction of α-chloro-α-chlorothiocarbonyl compounds with tertiary phosphanes or potassium iodide [8 -11] . Recently [11] , [4+2] cycloaddition reactions of some 3-thioxo-benzopyran-4-ones (generated in situ via reduction of the corresponding α-chloro-sulfenylchlorides with potassium iodide) with 2,3-dimethyl-1,3-butadiene have been reported. Herein we describe the thermolysis of spirobenzopyran-3',2-[1, 3, 4] oxadithiino [5,6- c]benzopyran-4'-ones in the presence of 2,3-dimethyl-1,3-butadiene, 1,3-cyclohexadiene, and isoprene.
Results and Discussion
The superdipolarophilic α-oxo-thioketone intermediates 2a -d were generated in situ by thermal cleavage of the spirobenzopyran-3',2- [1, 3, 4] oxadithiino [5,6- c]benzopyran-4'-ones 1a -d in a retro DielsAlder reaction in dry benzene and reacted with 2,3-dimethyl-1,3-butadiene to afford the corresponding spirobenzopyran-3',6-thiapyran-4'-one adducts 3a -d in higher yield than that obtained previously [11] 0932-0776 / 06 / 1100-1413 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com (Scheme 1). These products were purified by crystallization rather than column chromatography as in the previous study [11] . 3,4-Dimethyl-dispiro[cyclopentane-1",2'-benzopyran-3',6-∆ 3 -thiapyran]-4'-one (3d) was not described before; therefore it was characterized by elemental analysis and spectral data (IR, 1 H and 13 C NMR, MS). The IR spectrum shows a strong band at ν = 1681 cm −1 for the carbonyl group. The 1 H NMR spectrum of 3d shows two doublets at δ = 2.72 and 2.85 ppm (J = 13.5 Hz) corresponding to the 2-CH a H b , and the 5-CH 2 protons appeared with the cyclopentane protons. The 13 C NMR spectrum shows signals for C-5 at δ = 28.69, C-2 at δ = 32.45, C-6 at δ = 56.58, C-2' at δ = 83.60, and C-4' at δ = 184.21 ppm. The mass spectrum of 3d shows the prominent ion peak at m/z = 314.
Similarly, α-oxo-thioketone intermediates 2a -d cyclized with 1,3-cyclohexadiene in dry benzene during 1 h and afforded the corresponding spirobenzopyran-3',3-(2-thiabicyclo[2.2.2]oct-5-ene)-4'-one adducts 4a -d in very high yields (Scheme 1). The spectral data (IR, 1 H and 13 C NMR, MS) as well as elemental analyses support the established structures of 4a -d. The IR spectra of 4a -d exhibit the carbonyl stretching vibration band at ν = 1682 -1695 cm −1 . The 1 H NMR spectra show 4-CH sp3 at δ = 3.19 -3.24 ppm as multiplet, 1-CH sp3 at δ = 3.54 -3.59 ppm Scheme 1. as multiplet, 5-CH sp2 at δ = 6.35 -6.37 as doublet with J = 7.5 Hz, and 6-CH sp2 at δ = 6.49 -6.51 ppm as doublet with J = 7.5 Hz. 13 C NMR spectra of 4a, c show signals for C-4 at δ = 32.76, 32.75, C-1 at 4b, c ( Fig. 1, 2 ) add a good evidence for the established structures.
On the other hand, α-oxo-thioketone intermediates 2a -d reacted with isoprene under the same reaction conditions, as described above, to afford in a completely regioselective manner adducts 5a -d rather than the isomers 6a -d (Scheme 1). Spectral data (IR, 1 H and 13 C NMR, MS) and elemental analyses established the structure of 5a -d. The IR spectra of 5a -d reveal a strong band at ν = 1682 -1689 cm −1 assignable to the carbonyl stretching vibration band. The 1 H NMR spectra of 5a -d show two doublets at δ = 2.66 -2.69 and 2.86 -2.87 ppm (J = 16.5 -16.8 Hz) corresponding to the 2-CH a H b protons. 13 C NMR spectra of 5a, c show signals for C-5 at δ = 26.51, 26.63, C-2 at δ = 32.76, 32.73, C-6 at δ = 53.30, 53.38, C-2' at δ = 85.43, 85.51, and C-4' at δ = 193.67, 193.50 ppm, respectively. The mass spectra of 5a -d show the prominent ion peak at 274 (M + , 52%), 327 (M -H, 100 %), 313 (M -H, 100 %), 299 (M -H, 100 %), respectively. The structure of 5a was confirmed by a single crystal X-ray diffraction study (Fig. 3 ).
Crystal structures of 4b, 4c and 5a
The molecular graphics of compounds 4b and 4c together with the chosen numbering scheme are shown in Figs. 1 and 2, some selected bond lengths, bond angles, and torsion angles are given in Table 2 . Selected hydrogen bonds are summarized in Tables 3  and 4 .
Referring to the numbering scheme shown in Figs. 1 and 2, it is shown that the two compounds have the same basic units, which consists of a benzopyrane ring, spiro-connected to a thiabicyclo[2.2.2]octane system; they differ only in the attachment at the position C10, with a cyclohexane ring in the first compound and cycloheptane ring in the other one. The pyran-4-one ring in the two compounds takes the half-chair shape; hereby, the deviation of atom C9 from the best plane passing through this ring is 0.699(2)Å in compound 4b and −0.658(2)Å in compound 4c. All the bond lengths and bond angles are within the normal range [16] .
From the values of bond lengths and bond angles given in Table 2 it is clear that C10 exists in sp 3 hybridization. The dihedral angle between the planes defined by S17, C11, C9, C14 and C12, C13, C15, C16 is equal to 90.62(4) • and 90.03(4) in the two compounds, which means that the plane containing the sulfur atom is perpendicular to the other plane. The cyclohexane ring in 4b takes the chair conformation, as confirmed by the deviation of atoms C10 and C21 from the best plane passing through C19, C20, C22 and C23 (for C10: 0.595(2)Å; for C21: −0.068(3)Å). The cycloheptane ring in 4c seems to have a two-fold rotation axis passing through C10 and bisecting the bond C21-C22. Finally, the crystal structures of the two compounds are stabilized by hydrogen bonding as shown in Tables 3  and 4 .
The structure of compound 5a is shown in Fig. 3 . Here a benzopyran-4-one ring is spiro-connected with a thiapyrane ring. The calculation of the best plane of the pyran ring shows the planarity of the atoms C8-C7-C2-O1-C10 with a deviation of atom C9 from this plane of 0.591(4)Å indicating the half-chair conformation. The same behavior is observed for the thiapyrane ring, where the sulfur atom deviates from the best plane of C9-C13-C14-C15-C16 by −0.836(1)Å. Some selected bond lengths, bond angles, and torsion angles, are given in Table 5 . The intramolecular distances of the molecule are consistent with those published for similar compounds [17] . It is worth mentioning that the bond lengths C9-S17 = 1.836(3)Å and S17-C16 = 1.796(3)Å reflect the divalency of the sulfur atom. Finally, networks of intermolecular forces C16-S17-C9-C10 −177.0 (3) C9-S17-C16-C15 47.6 (3) C16-S17-C9-C13 −53.0 (3) C16-S17-C9-C8 66.6 (3)
−178.6 (6) 
stabilize the structure of compound 5a as shown in Table 6 .
Experimental Section
Melting points were determined in an open glass capillary using an Electrothermal IA 9000 SERIES digital melting point apparatus (Electrothermal, Essex, U.K.) and are uncorrected. Microanalyses were performed on Elementar-Vario EL, Microanalytical Unit, Central Services Laboratory, National Research Centre, Cairo, Egypt. The NMR spectra were recorded on a Varian Mercury VX-300 NMR spectrometer. 1 H spectra were run at 300 MHz and 13 C NMR spectra were run at 75.46 MHz in CDCl 3 as a solvent. Chemical shifts are quoted in δ and were related to that of the solvents (Cairo University, Faculty of Science). Splitting patterns were designed as follow: s = singlet; d = doublet; m = multiplet. Mass spectra were recorded on Schimadzu GCMS-QP 1000EX (EI, 70 eV) spectrometers. IR spectra were obtained with a Bruker-Vectro 22 instrument for KBr wafers (Microanalytical Center of Cairo University). Compounds 1a, d [9] , 1b [11] , 1c [10] were prepared according to literature procedures. Yields of the products were reported after recrystallization.
Spirobenzopyran-3',6-∆ 3 -thiapyran-4'-one 3; general procedure
A mixture of 1 (3 mmol) and 2,3-dimethyl-1,3-butadiene (0.7 mL, 6 mmol) in dry benzene (20 mL) was boiled under reflux for 1 h. The reaction mixture was evaporated under reduced pressure to dryness. The residue was treated with 5 mL of ethanol to give the solid products 3.
2',2',3,4-Tetramethyl-spirobenzopyran-3',6-∆ 3 -thiapyran-4'-one (3a)
From 1a, crystallization from ethanol, colorless crystals, yield 1.4 g (80%) (lit. [11] : 64%). -M. p. 99 -101 • C (lit. [11] : 99 -101 • C).
3,4-Dimethyl-dispiro[cycloheptane-1",2'-benzopyran-3',6-∆ 3 -thiapyran]-4'-one (3b)
From 1b, crystallization from ethanol, colorless crystals, yield 1.0 g (75%) (lit. [11] : 40%). -M. p. 84 -87 • C (lit. [11] : 84 -87 • C).
3,4-Dimethyl
From 1c, crystallization from ethanol, colorless crystals, yield 1.9 g (97%) (lit. [11] : 85%). -M. p. 109 -112 • C (lit. [11] : 110 -113 • C). 
-dispiro[cyclopentane-1",2'-benzopyran-3',6- ∆ 3 -thiapyran]-4'-one (3d)
Spirobenzopyran-3',3-(2-thiabicyclo[2.2.2]oct-5-ene)-4'-one (4)
A mixture of 1 (3 mmol) and 1,3-cyclohexadiene (0.6 mL, 6 mmol) in dry benzene (20 mL) was boiled under reflux for 1 h. The reaction mixture was evaporated under reduced pressure to dryness. The residue was treated with 5 mL of ethanol to give the solid products 4. 
2',2'-Dimethyl-spirobenzopyran-3',3-(2-thiabicyclo-[2.2.2]oct-5-ene)-4'-one (4a)
From
Dispiro[cycloheptane-1",2'-benzopyran-3',3-(2-thiabicyclo[2.2.2]oct-5-ene)]-4'-one (4b)
From 1b, crystallization from ethanol, colorless crystals, yield 1. 
3-Methyl-spiro(benzopyran-3',6-∆ 3 -thiapyran)-4'-one (5)
A mixture of 1 (3 mmol) and isoprene (0.6 mL, 6 mmol) in dry benzene (20 mL) was refluxed for 1 h. The reaction mixture was evaporated under reduced pressure to dryness. The residue was treated with 5 mL of ethanol to give the solid products 5. 
2',2',3-Trimethyl-spiro(benzopyran-3',6-∆ 3 -thiapyran)-4'-one (5a)
